We compared the initiation specificities in vitro of deoxyribonucleic aciddependent ribonucleic acid polymerases purified from two cyanobacteria, Fremyella diplosiphon and Anacystis nidulans, and from Escherichia coli. A restriction fragment made from lambda deoxyribonucleic acid was used as a template. The cyanobacterial and E. coli ribonucleic acid polymerases recognized the same lambda promoters but exhibited different sensitivities to the inhibitor heparin, suggesting differences in the structure of the initiation complexes. The lambda chromosome contains two major early promoters: pi,, the promoter for the left operator (OL), is responsible for the initiation of transcription of gene N; and pit, the promoter for the right operator (oRl), which is responsible for the transcription of tof (cro) (Fig. 1) (Fig. 1) . The synthesis of the cI RNA is also inhibited by the lambda repressor but at higher repressor concentrations.
We compared the initiation specificities in vitro of deoxyribonucleic aciddependent ribonucleic acid polymerases purified from two cyanobacteria, Fremyella diplosiphon and Anacystis nidulans, and from Escherichia coli. A restriction fragment made from lambda deoxyribonucleic acid was used as a template. The cyanobacterial and E. coli ribonucleic acid polymerases recognized the same lambda promoters but exhibited different sensitivities to the inhibitor heparin, suggesting differences in the structure of the initiation complexes.
The ability of a DNA-dependent RNA polymerase to initiate transcription specifically at a site or sites (promoters) on a DNA template is defined as its initiation specificity or its selectivity (4) . It The lambda chromosome contains two major early promoters: pi,, the promoter for the left operator (OL), is responsible for the initiation of transcription of gene N; and pit, the promoter for the right operator (oRl), which is responsible for the transcription of tof (cro) (Fig. 1) . The lambda repressor binds within these operators and blocks transcription from both o,. and o0R.
Digestion of lambda DNA with the restriction endonuclease HaeJII produces a 790-base pair (bp) fragment which carries pit and PM (the promoter for cI) (6 from CsCl-purified phage particles by lysis in 0.5% sodium dodecyl sulfate for 10 min at 65°C. After lysis, the solution was made 0.5 M in KCl, chilled for 15 min on ice, and spun at 10,000 x g for 15 min. The supernatant was then dialyzed against 10 mM Tris-hydrochloride (pH 7.5)-5 mM NaCl-1 mM EDTA for 48 h. Endonuclease HaeIII restriction fragments of the purified DNA were prepared by polyacrylamide gel electrophoresis as described by Maniatis et al. (5) .
Polyacrylamide gel electrophoresis. The 5% acrylamide (0.16% bisacrylamide)-7 M urea gels (16 by 20 cm) were poured and run, in the apparatus described by Ames (1) Fingerprints of T,-digested RNAs were made by electrophoresis in cellulose acetate and chromatography on polyethyleneimine, using the methods of Rose (9) and Barrell (2) .
RESULTS
Comparison of cI and tof transcripts. We analyzed the transcripts produced in vitro by the various RNA polymerases by using the Hae 790 fragment of the lambda chromosome as a template. In the presence of 2.5 1iM UTP, E. coli RNA polymerase produced three RNAs in vitro with this template. The largest RNA was a 300-bp transcript of the cI gene, the second was about 110 bp long, and the third was slightly shorter than 110 bp ( Fig. 2A) . When the UTP concentration in the transcription mixture was increased in 6 AM from 2.5 1uM, the smallest transcript was not produced (Fig. 3A) . A comparison of T, RNase fingerprints of the two smallest transcripts produced in the presence of 2.5 MM UTP shows that the smaller of these two RNAs was totally contained within the 110-bp species and was probably a "stutter" product (data not shown). Production of the stutter product of the 1 10-bp tof RNA has been reported previously (6) .
RNA polymerase from F. diplosiphon produced the same complement of transcripts from the Hae 790 fragment as did the E. coli RNA polymerase in the presence of 2.5 MM (Fig. 2 ) and 6 MM ( Fig. 3A and B produced by the two enzymes were eluted from gel slices and digested with RNase T,. The digestion products were separated by electrophoresis on cellulose acetate strips and chromatography in a second dimension on polyethyleneimine plates. The resultant fingerprints were indistinguishable from one another (Fig. 4) .
Cyanobacterial enzymes also transcribed cI. However, the ratio of tof to cI transcription was lower than in the case of the E. coli RNA polymerase ( Fig. 2 and 3) .
The lambda repressor bound to the two operators on the lambda DNA, oi, and oil, blocking the rightward transcription of cI and the leftward transcription of gene N. Transcription of cI is also inhibited by the lambda repressor, but somewhat higher repressor concentrations are necessary for this inhibition (6) . Figure 2A through D shows the effect of adding increasing amounts of lambda repressor to the E. coli transcription mixture. Maximum repression of the tof transcript was found to occur at a ratio of about 10 repressor molecules to every molecule of template. This concentration of repressor had no effect on the amount of cI RNA transcribed. Higher concentrations of the lambda repressor (25 molecules per template molecule) were necessary to inhibit the transcription of cI. The transcription of tof RNA by the F. diplosiphon RNA polymerase (Fig. 2E through H We noted in our experiments that the relative promoter strengths of pit and PM are different when the different polymerases are used for transcription. In general, the E. coli polymerase sees PM as a stronger promoter relative to pt{ than do the cyanobacterial polymerases. Wiggs et al. (10) found that RNA polymerases from six bacterial genera all recognized the same major phage T7 promoters as did E. coli RNA polymerase. They were, however, able to detect dramatic differences in relative promoter strengths for each enzyme. They concluded that the relative strength of a promoter depends on the nature of the RNA polymerase as well as the nature of the template.
